Introduction
The thyroid gland of mammalian species consists of two types of cells with different origins, i.e., follicular cells and C-cells. The follicular cells are derived from the midline outpouching of the ventral pharyngeal floor and the C-cells are derived from the ultimobranchial anlage. By use of quail-chick chimeras, Le Douarin et al. (1974) have reported that the ultimobranchial body is colonized by cells derived from the neural crest; the organ is the penultimate precursor of C-cells.
In the dog thyroid gland, there are C-cell complexes that are special C-cell clusters associated with other epithelial elements and cysts (Kameda, 1971) . The C-cell complexes are remnants of embryonic ultimobranchial bodies and retain an abundance of fetal characteristics. Many undifferentiated cells and immature C-cells are observed in the complexes of postnatal animals. In addition, follicular cells in various stages of differentiation, which are im-Correspondence to: Department of Anatomy, Kitasato University School of Medicine, Sagamihara, Kanagawa 228, Japan.
plexes and large C-cell groups express immunoreactivity for vimentin in addition to 19s-thyroglobulin. When the follicular cells stored considerable amounts of colloid in the follicular lumina, vimentin immunoreactivity disappeared from them. Typical thyroid follicles showed no immunoreactivity for vimentin. In dog fetuses in which follicular cells were arranged in cell clusters or were vigorously forming follicles, no immunoreactivity for vimentin was observed in the thyroid parenchyma. These results indicate that vimentin is specifically expressed in the immature follicular cells derived from the ultimobranchial anlage. The vimentin filaments may participate in increased cellular activities in the cells, i.e., thyroglobulin synthesis and folliculogenesis. (J Hisrochem Cytochem 43:1097-1106, 1795) KEY WORDS: Vimentin; 19s-Thyroglobulin; C-cell complex; Thyroid follicular cells; Immunohistochemistry; Dog. munostained with the 19s-thyroglobulin antiserum, are present in many C-cell complexes (Kameda and Ikeda, 1980a) . The follicles in the C-cell complexes, as well as the ordinary thyroid follicles, incorporate administered 12>1 (Kameda et al., 1981) ; they appear to be related to thyroid hormone synthesis. Furthermore, the follicles in the C-cell complexes respond to hypophysectomy and anti-thyroid drug treatment in the same way as the ordinary thyroid follicles (Kameda and Ikeda, 1980b) . On the basis of these observations, it has been suggested that thyroid follicular cells of mammalian species develop not only from the thyroid primordium of the ventral pharyngeal floor but also from the ultimobranchial anlagen.
Of the five classes of intermediate filaments observed in vertebrate tissues, vimentin is expressed by mesenchymal cells (reviewed in Lazarides, 1980) . In addition, epithelial cells in culture and epithelial tumors often express vimentin as well as cytokeratins (Miettinen et al., 1983; Franke et al., 1979) . The transient or continuous expression of vimentin has been demonstrated in certain neurons, glial cells and their precursors (Calvo et al., 1990; Schwob et al., 1986; Tapscott et al., 1981) . In the course of immunocytochemical studies on the dog thyroid gland, I have noted that vimentin is expressed in some epithelial cells of t h e C-cell complexes a n d thyroid parenchyma. T h e purpose of this study was to i d e n t i f y t h e cells showing immunoreactivity for v i m e n t i n in dog thyroid glands.
Materials and Methods
Tissue Preparation. Thyroid glands were obtained from dogs o f either sex and o f various ages, from newborn to adult. In addition. thyroid lobes or the laryngeal region including thyroid lobes were obtained from dog fetuses ranging in crown-rump length from 20 to 280 mm. Although the gestational age o f these fetuses was not known exactly, specimens from beagle dogs with known gestation dates were used to estimate the unknown developmental stages. The specimens were fived in Bouin's solution for 24-48 hr. embedded in paraffin, and cut into 5-7-pm-thick longitudinal or transverse total serial sections. Some sections were stained with hemaroxylin-eosin.
Immunohistochemistry. For immunohistochemical staining. the streptavidin-biotin-peroxidase method and the peroxidase-anti-peroxidase (PAP) method were used. Before incubation o f primary antibodies. sections were placed in methanolic H202 solution (1 part 3% HrOz to 5 parts methanol. v/v) for 30 min at room temperature to exhaust endogenous peroxidase activity. Three kinds o f primary antibodies were employed: (a) the mouse monoclonal antibody (MAb) V9 to vimentin purified from porcine eye lens (Osborn et al., 1984) ; (b) rabbit antiserum to calcitonin purified from porcine thyroid glands, and (c) rabbit anriserum to 1%-thyroglobulin purified from canine thyroid glands. The vimentin M A b V9 (Code No. L1843) was purchased from Dako (Carpinteria. CA). This M A b i s a prediluted product for use in immunohistochemical staining. The preparation and characterization o f anti-calcitonin and anti-19s-thyroglobulin antisera were previously described (Kameda and Ikeda, 1979a.b) . Porcine calcitonin was purchased from Rorer Pharmaceuticals (Eastbourne, UK).
The calcitonin antiserum was used in a dilution o f 1:lOOO and the 10s-thyroglobulin antiserum in dilutions of 1100-11oOO. Sections were incubated with the primary antibodies for 18 hr at 4'C and then washed three times in PBS, pH 7.3. Immunoreactive sites for the vimentin MAb were developed with the streptavidin-biotin-peroxidase method. Sections were incubated for 30 min with biotinylated anti-mouse Ig (Amersham; Poole. UK) diluted 1:200. After a rinse in PBS, streptavidin-horseradish peroxidase conjugate (Amersham) diluted 1:300 was applied for 60 min. Immunoreactive sites of the polyclonal anti-calcitonin and anti-19s-thyroglobulin antibodies were developed with the PAP method. Sections were incubated for 30 min with goat anti-rabbit IgG (Cappel; West Chester, PA) diluted 1:20. After a rinse in PBS, rabbit PAP (Cappel) diluted 1:300 was applied for 60 min. Demonstration of binding sites was accomplished with 3,3'diaminobentidine tetrahydrochloride in O.O>M Tris, pH 7.6, plus 0.01% H202. Control reactions included replacing the primary antibodies with normal (non-immune) mouse Ig or rabbit Ig and omission of the primary antibodies. Furthermore, the calcitonin and the 1%-thyroglobulin antisera were absorbed with an excess of the respective antigens. The specificity of the vimentin antibody was also confirmed by pre-absorption with an excess ofvimentin extracted from canine eye lens. All control sections showed no immunoreactivity.
Results
In the dog thyroid gland, C-cell complexes were frequently observed close to the parathyroid gland IV ( Figure 1A) . The greater portion of the C-cell complexes was occupied by the C-cells immunoreactive for calcitonin ( Figure 1B ). In addition, many C-cell complexes contained follicular cells in various stages of development: (a) cell masses not yet organized into follicles; (b) primitive and small follicles storing colloid; and (c) small follicles without colloid storage. The follicular cells in the C-cell complexes, as well as the cells in the thyroid parenchyma, were intensely labeled with the 19sthyroglobulin antiserum ( Figure IC) . Colloid in the primitive and small follicles of the C-cell complexes was also immunoreactive for 19s-thyroglobulin. Many vacuoles were observed in the 19s-thyroglobulin-immunoreactive cell groups ( Figure 1E ). The vacuoles were considered to be hollow follicular lumina without colloid. Vimentin-immunoreactive cells were dispersed in the C-cell complexes containing 19s-thyroglobulin-immunoreactive cells ( Figure  ID) . The vimentin cells were mostly gathered in cell groups. Many vacuoles were present in the vimentin-immunoreactive cell groups ( Figure IF) . Furthermore, the cells forming primitive follicles expressed immunoreactivity for vimentin. Therefore, the distribution pattern of the vimentin cells in the C-cell complexes was similar to that of the immature follicular cells immunoreactive for 19s-thyroglobulin ( Figures 1E and 1F) . However, when the follicles stored considerable amounts of colloid in the lumina, the follicular cells lost immunoreactivity for vimentin ( Figure 1D ). Typical follicles in the thyroid parenchyma showed no immunoreactivity for vimentin ( Figures 2D and 3B) .
The C-cells of dog thyroid glands were usually distributed as large cell groups in the inter-and subfollicular locations. Huge C-cell clusters, regarded as transitional forms from C-cell complexes to large C-cell groups, were frequently encountered in dog thyroid glands (Figures 2A and 2B ). There were vimentin cells in the huge C-cell clusters wherever 19s-thyroglobulin-immunoreactive cells gathered in cell groups were present (Figures 2C and 2D) .
The 19s-thyroglobulin-immunoreactive cell groups that were not organized into follicles and were accompanied by many C-cells were distributed among typical thyroid follicles ( Figure 3A ). Colocalization of vimentin and 19s-thyroglobulin was seen in the cell groups ( Figures 3A and 3B ).
Undifferentiated cells with scant cytoplasm and a chromatinrich nucleus were more numerous in the C-cell complexes of younger animals. In newborn puppies, a large number of undifferentiated cells and high columnar epithelial cells wer,e observed in the complexes ( Figure 4D ). Immature-looking C-cells that expressed intense immunoreactivity for calcitonin and were arranged in columnar cell cords were also prominent in the complexes of young animals ( Figure 4A ). The undifferentiated cells were not labeled with any of the antibodies used. In this type of complex, there were no follicular cells immunoreactive for 19s-thyroglobulin ( Figure 4B ). No vimentin-immunoreactive cells were detected in the complexes lacking 19s-thyroglobulin-immunoreactive cells ( Figure 4C ).
FetuL Thyroid Gland
In dog fetuses at around 38 days of gestation, the thyroid parenchyma was organized into small or large cell clusters or cell cords, many of which were labeled with the 19s-thyroglobulin antiserum ( Figure 5B ). Colloid droplets began to accumulate in some cells. Calcitonin-immunoreactive cells arranged in large cell clusters were scattered in thyroid parenchyma at this stage ( Figure 5A ). Epithelial cells of the thyroid parenchyma showed no immunoreactivity for vimentin ( Figure 5C ). At around 42 days of gestation, when the primitive follicles storing colloid were vigorously formed throughout the thyroid parenchyma, connective tissues and vessels were labeled intensely but epithelial cells were not labeled with the vimentin antibody ( Figures 6A and 6B ).
Discussion
In lower vertebrates, including birds, the ultimobranchial anlage is not incorporated into the thyroid primordium and remains as a separate organ for life. The chicken ultimobranchial gland consists of loosely arranged large or small C-cell groups and cyst structures varying in size, shape, and luminal content (Kameda et al., 1788; Kameda, 1984) . The C-cell complexes of dog thyroid glands are similar in morphological features to the chicken ultimobranchial glands. In contrast to the chicken ultimobranchial glands, in which no 19s-thyroglobulin-immunoreactive cells are present, many C-cell complexes of dog thyroid glands contain follicular cells at various stages of differentiation (Kameda et al., 1981; Kameda and Ikeda, 1980a) . Furthermore, the C-cell complexes retain fetal characteristics for longer periods than the chick ultimobranchial glands. A large number of undifferentiated cells are observed in the complexes of postnatal dogs. It is conceivable that undifferentiated cells of the C-cell complexes are able to develop into follicular cells through contact with thyroid parenchyma.
The present study first found that immature follicular cells located in both the C-cell complexes and large C-cell groups were labeled with the MAb against vimentin. CO-expression of vimentin and 19s-thyroglobulin was confirmed in the immature follicular cells. In the fetal thyroid glands, however, immature follicular cells immunoreactive for 19s-thyroglobulin were not labeled with the vimentin MAb. It appears that the vimentin antibody specifi- cally reacts with the follicular cells derived from the ultimobranchial anlage but does not react with the cells from the median thyroid primordium. Because the follicular cells in C-cell complexes and large C-cell groups lost immunoreactivity for vimentin after the accumulation of colloid in the follicular lumina, the proportion of follicular cells derived from the ultimobranchial anlage could not be estimated exactly. In some animals, many vimentin-immunoreactive cells were distributed throughout the thyroid parenchyma.
The ultimobranchial anlage of vertebrates develops from the last (fourth) pharyngeal pouch, which is of endodermal origin (Cordicr and Haumont, 1980) . Our previous study (Kameda, 1995) has demonstrated by use of three antibodies reacting with neurons. i.e.. TuJl, HNK-I and PGP 9.5, that in chick embryos neuronal cells originating from the distal vagal ganglion (nodose ganglion) invade the ultimobranchial anlage at 5 daysof incubation and then differentiate into C-cells depending on the local signals present in the anlage. Therefore, the C-cells belong to the neuronal lineage. In fact. during embryonic development the C-cells of chick ultimobranchial glands show a number of neuronal properties; (a) the vast majority of C-cells express immunoreactivity for scvcral neuropeptide and neuroprotcins such as somatostatin. calcitonin generelated peptide (CGRP), enkephalin, and neuron-specific P-tubulin, in addition tocalcitonin (Kamedaet al., 1993 : Kameda 1991 . and (b) many C-cells protrude long cytoplasmic processes that make a synapse-like contact with somata or processes of other C-cells (Kameda. 1993) . Not only C-cell precursors but also endodermal epithelia of the ultimobranchial anlage are labeled with the HNK-I and PGP 9.5 antibodies (Kameda. 1995) . On the other hand, the median thyroid primordium is not labeled with these antibodies. In vim of the localization of HNK-1-and PGP 9.5-immunoreactive materials, the ultimobranchial anlage is believed to be capable of synthesizing neural substances, or at least closely related proteins, and of receiving neuronal cells from the distal vagal ganglion. The distal vagal ganglion has been reported to have two distinct cmbryonic sources, neural crest and epibranchial placode (D'Amico-Martel and Noden, 1983) . The presence of neural substances in the ultimobranchial anlage may be associated with expression of vimentin in the immature follicular cells located in the C-cell complexes and large C-cell groups. Vimentin immunoreactivity is expressed in some neurons and glial cells (Calvo et al.. 1990; Schwob et al., 1986) . and vimentin has an intimate relation to the neural tissue.
Intermediate filaments of epithelial cells in normal adult tissue are composed of keratins. Both the dog C-cell complexes and the chicken ultimobranchial glands are characterized by the presence of cystic structures (Kameda, 1971 (Kameda, ,1984 . Furthermore, cysts are observed in the thyroid parenchyma, parathyroid glands 111 and IV, and thymus IV located adjacent to the parathyroid IV in dogs (Kameda, 1987) . All cyst epithelia located in these tissues are densely immunostained with the antiserum to epidermal keratins with 50,000-and 58,000-dalton molecular masses (Kameda, 1987; Kameda et al., 1986) . Thyroid follicular cells display well-developed cytoskeletons (Takasu et al., 1988) . The follicular cells, however, are not labeled with the epidermal keratin antiserum (Kameda. 1987) . The cells are labeled with antibodies to simple epithelial cytokeratins (Miettinen et al., 1984) . Cultured follicular cells from dog thy-roid glands and some neoplastic cells from human thyroid carcinoma have been reported to show immunoreactivity for vimentin in addition to cytokeratins (Coclet et al.. 1991; Miettinen et al., 1984) .
It is well known that vimentin is co-located in immature cells with other kinds of intermediate filaments at particular stages of development or differentiation. In parietal endoderm cells of early mouse embryo, vimentin is co-expressed with cytokeratins (Lane et al., 1983) . During muscle differentiation, vimentin is co-expressed with desmin (Cossette and Vincent, 1991) . In the developing nervous system, vimentin is expressed in almost all neuronal precursor cells and is gradually replaced by neurofilaments (Cochard and Paulin, 1984; Tapscott et al., 1981) . Furthermore, vimentin seems to appear transiently according to the increase of cellular activities. The temporary expression of vimentin has been reported in regenerating tubule epithelium of diseased rat kidney (Grone et al., 1987) and also in corneal epithelial cells during wound repair (Sunder-Raj et al., 1992) . In the thyroid gland of postnatal dogs, vimentin was expressed in immature follicular cells showing active stages of
